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1 
' SWITCHING ARRANGEMENT RESPONSIVE TO 

‘ ELECTRICAL CHARGE _ 

BACKGROUND OF THE INVENTION 

The present invention relates to a circuit arrange 
ment for generating an electrical switching process in 
dependence of a predetermined quantity of electrical 
charge through an electrical conductor. 
With the circuit arrangement of the preceding spe 

cies, it is possible to produce and detect electrical 
charge, and to control, indicate or regulate, processes 
as a function of the magnitude of such charge. 
_I-Ieretofore in the art, arrangements for handling 

electrical charge quantities through the use of am 
pere/hour counters, have been in the form of elec 

ters. Such counters are relatively complex in design and 
v construction. Aside from this, such counters are not 
capable of carrying out control or regulating processes 
as a function of a predetermined quantity of electrical 
charge. I , -- _ 

Accordingly, it is the object of the present invention 
to provide an arrangement for accomplishing such con 
trol or regulating processes without the accompanying 
disadvantages. , - ' 

The object of the present invention is carried out by 
providing a measuring resistor ~within the electrical 
conductor, and allowing the voltage appearing across 

_ this measuring resistor to be applied to an integrating 
network. The switching process is carried out through a 
voltage-dependent switch which is sensitive to a vary 
ing potential dependent upon the integrated value from 
the integration network. Furthermore, to carry out the 
switching function, a. predetermined threshold value 
must be attained, and by selecting this threshold value, 
the electrical charge quantity may‘ be limited. The 
switching process isalso used to clear the integration 
network. ' ' 

SUMMARY OF THE INVENTION 
An arrangement for generating an electrical 

switching ‘process which is dependent on a predeter 
mined quantity of electrical charge passing through an 
electrical conductor. Aresistor performing a measur 
ing function is connected in series with this electrical 
conductor, and the electrical charge is also passed 
through this resistor. An integrating network is con 
nected across the resistor for receiving the voltage of 
the resistor. This voltage is a function of the electrical 
charge and hence current flowing through the resistor. 
A switching device or trigger circuit is connected to the 
output of the integrating network, and will provide an 
output signal when the integrated voltage from the in 
tegrating network has attained a predetermined 
threshold magnitude. This threshold magnitude may be 
selected in the trigger circuit, and hence the quantity of 
electrical charge passed through the conductorand re 
sistor may be regulated or limited. The signal output 
from the trigger circuit is also used to clear the integra 
tion network from its integrated voltage output. 

Thev novel features which are considered as charac 
teristic for the invention are set forth in particular in 
the appended claims. The invention itself, however, 
both as to its construction and its method of operation, 
together with additional objects and advantages 
thereof, will be best understood from the following 
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description of speci?c embodiments when read in con 
nection with the accompanying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic diagram and shows structural 
, details of the present invention; 

" trolytic counters or electromagnetic motor type coun- ' 

20 

FIG. 2 is a schematic block diagram of the general 
concept of the present invention; 

‘ FIG. 3 is a schematic diagram of an embodiment of 
the present invention in which an electrical storage bat 
tery is used for monitoring charging and discharging 
processes; and ' ' ' 

FIG. 4 is a schematic diagram and shows an embodi 
ment for metering of fuel for a fuel cell, in accordance 
with the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to the drawing and in particular to FIG. 1, 
. the circuit diagram showed therein is to undergo a 
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switching process. when a predetermined electrical 
charge or electrical current has moved to the electrical 
conductor 11. The conductor 11 contains for this pur 
pose a measuring resistor 12 having terminals 13’, 13" 
across which a voltage appears when a current I flows 
through the conductor 11 and thereby the resistor 12, 
towards ground connection 14. Connected across the 
terminals 13’, 13" of the resistor 12 is an integration 
network 16 having an output 17 which provides a volt 
age U, which is dependent upon the integrated value. 
The output 17 of the integrator 16 is applied to the con 
trol input 18 of a voltage dependent switch 19 which 
provides the aforementioned switching process. In 
order to produce this switching process, the potential 
of the input 18 of the switch 19 must exceed a predeter 
mined threshold value. By appropriately selecting this 
threshold value, it is possible to limit the electric cur 
rent through the conductor 11 and thereby the resistor 
12. ' 

In the preferred embodiment, the integrating net 
work 16 has a conventional operational ampli?er 20 
with the terminals 21', 21"connected ‘across the input 
15', 15". The output 23 of this ampli?er is connected 
to the output 17 of the integrating circuit. A resistor 24 
is connected between the terminal 21' and 15'. Aside 
from this, a feedback capacitor 25 is provided between 
the terminal '21’ and the terminal 23. The operational 
amplifier 20 is driven so that the capacitor electrode 
connected to the terminal 23 is positive in relation to 
that electrode of capacitor 25 connected to the ter 
minal 21’. 
The voltage dependent switch 19 is preferably of the 

design in the form of the‘ conventional Schmitt trigger . 
circuit. This circuit then provides a pulse at its output 

60 

when the circuit triggers or switches. In order to obtain 
a sufficiently large and well-de?ned pulse, it is desira 
ble to provide a conventional monostable multivibrator 
276 at the output of the Schmitt trigger circuit. The 
pulse output from the monostable multivibrator on the 
terminal 27, is then, the usable pulse. 
The switching process which the voltage dependent 

switch 19 undergoes, is simultaneously used to clear 
the integrating network 16. For this purpose, a circuit 
path 28 is provided connecting the terminal 27 and 
forming a series circuit with the resistor 29 and shunt 
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ing feedback capacitor 25. The resistor 29 serves as a 
discharge resistor for the capacitor. 

In operation of ‘the circuit described above, assume 
that the switching process is to take place when a quan 
tity" of charge of one ampere second has past through 
the conductor 11. When a current I of _0.5 ampereres 
has flowed for 1 second, the voltage appearing across 

' resistor 12 and thereby across resistor 24 and ampli?er 
20, must charge the capacitor 25 only to the extent that 
the threshold value set in the switch 19 has not as yet 
been exceeded through the voltage U, across the 

, capacitor 25. The feedback capacitor 25 thereby 
I remains charged, ‘and vthe corresponding potential U,, 
remains at the output 17 of the integrating network 16. 
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In the embodiment of FIG. 3, a storage battery 30 is 
used for monitoring the charging and discharging 
process that takes place in the switching arrangement 

' of ‘FIG. 1.‘ The storage battery 30 has two connections 
‘ 31 and 32 which, lead to a two-pole, switch 33. This 
switch can selectively switch to a charging circuit 34 or 
a discharge circuit 35. The measuring resistor 12 is 
connected in series with the circuit path 32. The charg 
ing circuit 34 stems from a DC network 36, whereas the 
discharge circuit 35 is applied across a load resistor 37. 

' A further two-pole switch 40 is connected through cir 

15 
Here, now, theconductor 11 experiences a new current ‘ 
Iof, forexample, a magnitude of‘ 2 amperes;_then the 
charge across the feedback capacitor 25 rises, as does 

- the potential I], at the output 17 of the integrating net? 
work 16 after 0.25 seconds. The rise in these values is 
such that the preset threshold value within the voltage 
dependent switch, 19 is attained . and the switching 

‘ process isjthereby carried out. Asa result of this 
switching process,va pulse of de?nite, magnitude ap 
pears at the output 27 of the multivibrator 26.‘.Since 
this pulse is also used for switching purposes within the 
circuit path 28, the feedback capacitor 25 can 

_ discharge. across, the resistor 29 in'response to of ‘the 
pulse in the circuitpath 2'8. ‘Thereafter, the circuit is 
again in a state of readiness to'again detect a predeter 
mined quantity of electrical charge as a function of a 
further ‘ampere second and to providev av pulse at the 
output 27_of-thejmulti_vibrator 26.-~_ ~ , I - 

It can therefore befsaid in'general that‘ a potential U,7 
having the magnitude'of the selected threshold value t, 
corresponds to a pulse ‘of predetermined magnitude 

’ . " . Kftldr" f . 0 i . 

where K is a fixed constant dependent upon the circuit 
components used;‘I is the current through the conduc 
tor 11 and resistor 12; and t is time. Inv a further 
development of the circuit of FIG. 1, identical circuit 
elements and ' operational functions, as. well as 
switching groups, are provided with identical reference 
numerals and these are not again described. 

In FIG. 2, a counter Z operates in conjunction with 
the output 27 of the monostable multivibrator 26. The 
pulse generated by the switch 19. and taken at the out 
put 27 of the multivibrator. 26, is thereby used to in 
?uence the counter Z. The counter can thus be used in 
an advantageous manner to advance in response tothe 

cuit paths 38 and 39 to terminals 13' and 13", respec 
tively. This switch 40' is used to reverse the terminals 
13', 13" when applied to the terminals 15', 15" of the 
integration network 16. As an example of this arrange 
ment, the resistor 12 has its terminal 13’ connected to 

> the terminal 15’, and its terminal 13" are connected to 
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the input terminal 15", during the charging process. 
During the discharge process, however, the terminal 
13' of the resistor is‘connected to the input‘ terminal 
v15", whereas the terminal 13" is connected to the 
input terminal 15'. The control pulse is here again 
taken ,at the output 27 of themonostable multivibrator‘ 
26and applied to the counter Z. The counter Z in this 
caseis a conventional unit capable of counting in the 
forward and reverse directions, and the counting 
direction is made dependent upon the direction of the 
current through the resistor 12. The counter Z is, in ad 
dition, provided here with a switching device 41, 
whereby the counter carries out a particular switching 

' function when a predetermined count has been at 
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applied pulse and, when necessary, this counter can be ' 
designed in thelform of a digital counter for the pur 
pose of indicating the measured quantity. 

i In operation of the circuit of FIG. 2, the counter Z is 
advanced by one step when a predetermined electrical 
charge has past through the resistor 12, and a pulse of 
the monostable multivibrator 26 has appeared at the 
output 27 in dependency thereon. In the example being 
considered, the direction of the current I and the con 
stant K are uniquely determined so that the number of 
pulses applied to the counter Z can be established as a 
quantized product of current and time. 

60 
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tained. The switching device 41 is,‘ accordingly, in 
operative connection with the counter Z ‘so that when 
the counter has advanced'a predetermined number ‘of 
steps in the forward direction, speci?c switching func 
tions maylbe carried out. At the same time, such 
switching functions can also be carried out when the 
counter 2 has gone through the an equal number of 
steps in the‘ reverse direction, for example. For pur 
poses of illustration the switching function takes place 
at the end of the forward-count so that theswitch 33 
connects properly the storage battery 30 .with- the 
discharge circuit 35, and the switch 40 connects ap 
propriately the terminals 13' with the input terminals 
‘13" as well as the terminal 13" with the input terminal 
15". At the end of the reverse count, on the other 
hand, the switching function is such that the. switch 33 
connects appropriately the battery 30 with the charging 
circuit 34, and the switch 40' connects appropriately 
the terminal 13' at the input terminal 15' and the ter 
minal 13" is connected with the input terminal 15"..ln 
'this example, furthermore, a switch 42 is provided so as 
to be actuated by the switch 41. This makes possible 
that the counter Z is set in correspondence to the 
direction of the count through the resistor 12 at the end 
of the current counter so that it can then count in 
reverse. At the same time, the counter is set to count in 
the forward direction when the end of the reverse 
counthasbeen reached. ' ‘ ~ 

When the electrical storage unit '30 is in the form of a. 
battery as in the illustration, and an equal number of 
counting steps are used for monitoring the charging 
process as well as the discharge process, the am 
pere/hour capacity of the-battery must be taken into 
account, since such a battery must be capable of taking 



3,727,074 
. 5 * 

a larger quantity of electrical charge when the charging 
process takes place, than is taken from the battery dur 
ing discharge. This requirement for the operational 
conditions of the battery can be taken into account 
provided that the switching device 41 cooperating with 
the counter 2 decreases the threshold value in the 
switch 19 at the same time that it switches to the 
discharge process. The decrease in the threshold value 
can be made suchthat it is ?tted to the ampere/hour 
capacity. To accomplish this switching feature in this 
example, a resistor 43 with terminals 44 and 45 can be 
supplied within the voltage dependent switch 19. These 
terminals 44 and 45 are then connected to a switch 46 
which short-circuits the resistor when actuated by the 
switching device 41. ' 

To take into account the ampere/hour operating 
capacity, it is also possible to provide that the switching 
device 41 when switching to the discharge process, 
simultaneously provides that a higher ampli?cation of 
the integration network takes place. In this manner, the 
integrated value in the form of the potential U, is used 
for adjusting the ampere/hour operating function. This 
provision can be represented through dashed lines as in 
theillustrative example. The resistor 24 can, thereby, 
be provided with two terminals 47 and 48 which, in 
turn, are applied ‘across a switch 49 which is actuated 
by the switching device 41. This arrangement results in 
a simple design and construction. . 
The provisions described above for taking into ac 

count the ampere/hour function, can also be used for 
taking into account the aging or variation of the storage 
unit in the form of a storage battery 30. Thus, ‘the 
discharge processes are counted and a predetermined 
number of these discharge processes are used to make 
the threshold value on the voltage dependent switch 16 
dependent thereon. Expressed in other terms, the 
threshold value is adjusted or made dependent upon 
the predetermined number of discharge processes. At 
the same time, a stronger variation of the integration 
network 16 may be ' accomplished through the in 
tegrated value in the form of the potential Up. 

In operation of the arrangement of FIG. 3, assume 
first of all that the storage battery 30 is connected to 
the charging circuit 34, and that charging has just 
begun. The measuring resistor 12 has past therethrough 
current I in the direction of the arrow shown. As soon 
as a predetermined amount of electrical charge has 
past through the resistor 12 and has become thereby 
stored in the battery 30, a switching process is carried 
bythe voltage dependent switch 19, and a pulse ap 
pears at the. output 27 of the multivibrator 26. In 
response, the counter Z advances a step in the forward 
direction. In further charging the storage battery 30, 
additional counting steps are carried out for equal 
amounts of electrical charge, until the storage battery 
30 has been fully charged and a corresponding number 
of pulses have been applied to the counter Z. Through 
the switching device 41, thereupon, the switches 
33,40,42 and 46 or 49 are actuated. The storage bat 
tery 30 becomes thereby connected to the discharge 
circuit 35, so that the current I flows through the re 
sistor 12 in the direction indicated by the arrow in the 
reverse direction. The switch 40 assures that the volt 
age U,,, at the input terminals 15', 15'', as well as the 
pulse at the output 27 of the monostable multivibrator 
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6 
26 remains unchanged in polarity. The switch 42, 
thereby, assures that counting now takes place in the 
reverse direction. As soon as a predetermined quantity 
of electrical charge has past through the resistor 12 and 
has left consequently the storage battery 30, the 
counter Z advances a step in the reverse direction 
through the pulse, which is dependent on this quantity 
of electrical charge, at the output 27 of the multivibra 
tor 26. By further discharging of the storage battery 30, 
further counting steps are carried out for equal quanti 
ties of electrical charge, until a predetermined number 
of pulses have been applied to the counter Z cor 
responding to the discharge of the storage battery 30. 
The switching device 41, thereby, actuates the switch 
33,40,42 in 46 or 49. The charging process then begins 
anew as described above. For illustrative purposes, the 
switches 33,40,42,46 and‘49 have been described in 
the form of mechanical switches in order to clarify the 
understanding of these devices. Such switching func 
tion, can, however, also be carried out through semi 
conductor elements. 

In the embodiment of FIG. 4, the circuit arrange 
ment of FIG. 1 is used for the purpose of metering the 
fuel for a fuel cell 50. In its simplest form, the fuel cell 
50 is connected through a supply line 51 with a fuel 
tank or reservoir 52. A distributing device 53 is con 
nected within the supply line 51 and is designed in the 
form of, for example, an electrically actuated valve. A 
load resistance 54 is connected to the fuel cell 50 
througha load circuit 55. Connected within this load 
circuit is also the resistor 12. For purposes of con 
trolling the distributing device 53, the pulse appearing 
at the output 27 of the multivibrator 26 is used. In this 
regard, the magnitude of this pulse is determined so 
‘that when a predetermined quantity of electrical 
charge has been taken from the fuel cell 50 and the 
pulse appears thereupon, the distributing device 53 is 
held opened by this pulse until the fuel cell 50 has 
received fuel from the reservoir 52, which is equivalent 
electro-chemically to the quantity of electrical charge. 

. In operation of the embodiment of FIG. 4, current I 
is taken from the fuel cell 50 through the load circuit 
55. This current I flows through the load resistor 54 and 
the resistor 12 connected in series therewith, in the 
direction of the arrow shown. After a predetermined 
quantity of electrical charge has been taken from the 
fuel cell 50 and has been past through the resistor 12, 
the switching device 19 carries out a switching process 

-» as a result of the potential Uu appearing at the output 

55 
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17 of the integrating network 16, as already described 
in relation to FIG. 1. In view of this switching process, a 
pulse appears at the output 27 of the monostablemul 
tivibrator 26. This pulse actuates the distributing 
device 53 in the aforementioned manner, whereby the 
fuel cell 50 receives from the fuel storage tank or reser 
voir 52 a quantity of fuel which corresponds electro 
chemically equivalent to the quantity of electrical 
charge. 

It is also of course possible that in the embodimentof 
FIG. 4 the distributing device 53 is indirectly actuated 
through the pulse appearing at the output 27 of the 
monostable multivibrator 26, in a further development 
of this embodiment. Thus, similar to the embodiment 
of FIG. 3, a counter with associated circuitry can be 
provided between the output 27 and the distributing 
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device 53'. This counter would then actuate the dis 
tributing device '53 first after a predetermined number , 
of counting steps have been advanced. 

In the preceding embodiments, it is also possible to 
provide two integrating networks, and for‘ the purpose 
of clearinguthe integrated parameters, a further in? 
tegrating network may be provided for monitoring the 
resistor 12. 

It will be '-understood that each of the elements 
described above, or two or more together, may also 
find a useful application in other types of switching ar 
rangements responding to a predetermined quantity of 
electrical charge differing from the types described 
above. I ' ‘ ' ' 

While the invention has been illustrated ‘and 
described as embodied in switching arrangements 
responding to a predetermined quantity of electrical 
charge, it is not intended to be limited to the details 
shown, since various modi?cations and structural 
changes may be made without departing in any way 
from the spirit of the'present invention. _ 

Without further analysis, the foregoingvwill so fully 
reveal the gist of the present invention that others can 
by applying current knowledge readily adapt it for vari 
ous applications without omittingfeatures that, from 
the standpoint of prior art, fairly constitute essential 
characteristics of the generic or specific aspects of this 
invention and, therefore, such adaptationsshould and 
are intended to be comprehended. within the meaning 
and range vof equivalence of the following claims. 
What is claimed as new and ‘desired to be protected 

by Letters Patent is set forth‘ in they appended claims: 
1. An arrangement for monitoring the ?ow‘ of charge 

through an electrical conductor, comprising, in com 
bination, resistor means connected in series with said 
electrical conductor; resettable integration-means hav 
ing an input'connected across said resistor means and 
having an output, and being operative for furnishing at 
said output an electrical signal having a magnitude pro 
portional to the time integral of the voltage across said 
resistor means, and'beingresettable upon receipt of a 
resetsignal; Schmitt triggermeans connected to said 
output of said integration means ‘and operative for 
generating a monitoring signal when the magnitude of 
said electrical ‘signal ‘reaches a predetermined value; 
and monostable multivibratormeans having an input 
connected to the output ‘of said Schmitt trigger means 
and having an output vconnected to said integration 
means, and operative for furnishing to said integration 
means'a reset signal in response. to generation of said 
monitoring signal. > ‘ . 

2. The arrangement as de?ned in claim 1, wherein 
said integration means comprises an operational ampli 
.?er having two inputs a feedback capacitor connected 
to the output of saidoperational amplifier and to-one 
input of said ampli?er, and at least one resistor con 
nected infseries with one input of said ampli?er and 
being also connected to said resistor means in series 
with said electrical conductor. 

3.>Thekarrangern'en't as de?ned in claim. 1, wherein 
said reset signal is a control pulse. 
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4. The arrangement as defined in claim 1, including 

fuel cell means connected in series with said resistor 
means; and fuel metering means for metering fuel to 
said fuel cell means, said fuel metering means being 
controlled in dependence on said monitorin signal.'_ 

5. The arrangement as de?ned in claim , including 
load circuit means connected in series with said resistor 
means; fuel reservoir means connected to said fuel me- " 
tering means for supplying fuel to said fuel cell as me 
tered by said metering means; and means connecting 
said Schmitt trigger means to said fuel metering means 
so that said fuel metering means is controlled in depen 
dence upon said metering signal. 

6. The arrangement as de?ned in claim 1, including 
counter means connected to said Schmitt trigger means 
and actuated in response to generation of said monitor 
ing signal. 

7. The arrangement as de?ned in claim 6, wherein 
said counter means comprises a digital counter. 

8. The arrangement as de?ned in claim 6, wherein 
said counting means comprises a forward and reverse 
counter, the direction of counting by said counter 
being determined by the direction of current through 
said resistor means. I . " 

9. The'arrangement as de?ned in claim 6, including 
an auxiliary switching means connected to said count 

, ing means and having an output when said counting 
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means has advanced a predetermined number of count 
ing steps. . 

10. The arrangement as de?ned in claim 6, wherein 
said counting means is a counter for indicating the 
measured quantity of electrical charge. 

11. The arrangement as de?ned in claim 1, including 
storage batteryv means furnishing current to said re~ 
sistor means for monitoring charging and discharging 

12. The arrangement as de?ned in'claim l1‘, includ 
ing a selector switch connected to the terminals of said 
storagelbattery means; a load circuit connected to said 
selector switch and selectively connectable to said 
storage battery means in one state of said selector 
switch; and a charging circuit connected to- saidselec 
tor switch and selectively connectable to said storage 
battery means in the other state of said selector switch. 

13. The arrangement as de?ned in claim 12, includ 
ing counter means actuated by said signal from said 
switching means; and auxiliary switching means actu 
ated by said counter means, said auxiliary switching 

' means actuating said selector switch means when said 
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counter means has advanced a predetermined quantity 
in a predetermined counting direction. 

14. The arrangement as defined in claiml2, includ 
ing means for varying said'predetermined value when 
said auxiliary switching means has been actuated by 
said counting means. . 

15. The arrangement as de?ned in claim 12, includ 
ing means actuated by said auxiliary switching means 
for increasing the variation of said integration vmeans 
when said auxiliary switchingmeans is actuated by said, 
counter means. - 

' Ill It! * It * 


